Background/Aims: IgA nephropathy (IgAN) is a common form of primary glomerulonephritis worldwide. Previous studies indicated that IL-10 single nucleotide polymorphisms (SNP) play an important role in IgAN pathogenesis, but the results were controversy. This study aimed to investigate the association between IL-10 SNPs (rs1800872, rs1800871, and rs1800896) with IgAN in a Chinese Han population. Methods: We conducted a case-control study that included 351 patients with IgAN and 310 age-, gender-and ethnicity-matched healthy controls. Three promoter SNPs (rs1800872, rs1800871, and rs1800896) of IL-10 were genotyped by Sequenom MassARRAY. Odds ratios (ORs) with 95% confidence intervals (CI) were used to assess the relationship with IgAN. Results: We found that the rs1800896 did not correlate with IgAN risk, whereas rs1800872 and rs1800871 were significantly associated with increased IgAN risk in all genetic models. The haplotype analysis indicated that the CCA haplotype was associated with increased IgAN risk (OR = 1.36; 95% CI = 1.05-1.75). Moreover, there were no associations between these SNPs and blood pressure or gender, whereas the rs1800896 variant was correlated with higher 24-hour urine protein in patients with IgAN. Conclusion: Taken together, these results suggest that IL-10 is a susceptibility gene in patients with IgAN.
Association of

Introduction
IgA nephropathy (IgAN) is a common form of primary glomerulonephritis characterized by highly diverse clinical and pathological features [1] . IgAN diagnosis depends entirely on renal biopsies. This disease is characterized by the deposits of IgA in the glomerular mesangium along with the complement C3, IgG and /or IgM though maybe the intensity is low [1, 2] . Most patients present with persistent hematuria or proteinuria, and only few undergo sustained clinical remission. The prognosis is also highly variable and the outcome is difficult to predict in affected individuals [3] . Another study by Tan et al. reveals that proteinuria is an independent risk factor in IgAN patients with severe renal pathological injuries but benign clinical features [4] . Although IgAN is benign during early stages of primary glomerular disease, about 50% of patients will progress to end-stage renal disease (ESRD) [5, 6] . A retrospective study in Czech IgAN patients show that GFR, hypertension and proteinuria are vital factors associated with the prognosis of IgAN [7] . A review by Tomino also states complement activation, podocyte injury and mast cell infiltration may affect diseases activity, development and progression in patients with IgAN [8] . Additionally, Wang et al. indicates that thapsigargin may be candidate drugs in treatment of IgAN [9] . Now, increasing evidences have found that genetic factors were associated with the development and / or progression of IgAN [10] [11] [12] [13] [14] [15] [16] . And indicates that IgAN is a polygenic disease, but the precise pathogenesis still remains unclear.
Interleukin-10 (IL-10) is a multifunctional cytokine, primarily produced by lymphocytes and monocytes. IL-10 often has bi-directional immuneregulating and anti-inflammatory functions [17] . It can inhibit the production of Th1 cytokines cloned IL-2 and the synthesis of interferon gamma and tumor necrosis factor cytokines [18] . Some promoter polymorphic sites of IL-10 gene have been described, and three SNPs at positions -1082, -819 and -592 from the transcription initiation site have been identified [19] . -1082 SNP (rs1800896) is a G to A substitution and lies in a negative putative transcription factor binding site [20] . The G allele of rs1800896 is known to be correlated with high levels of in vitro IL-10 productions [19, 21] . The -819 SNP (rs1800871) is a C to T substitution with a dimorphic polymorphism, and is also reported correlated with IL-10 production [21, 22] . The -592 SNP (rs1800872) is a C to A substitution and locates in a region with a negative regulatory function [20, 21] .
It is widely acknowledged that interleukins (ILs) involved in the proliferation of glomerular mesangial cells and lead to the release of some inflammatory factors [23] [24] [25] . The most important is the serum levels of IL-10 are elevated in patients with IgAN [26] . Together, all these data suggest that genetic variations, such as IL-10 SNPs, may be involved in the development and progression of IgAN [27] . Recent meta-analysis results revealed that variants of the IL-1 and IL-1RN genes were correlated with an increased risk of IgAN. However, similar results were not observed for the genes of IL-6, IL-10, or IL-22R [28] . Considering these conflicting results, the role of IL-10 in the pathogenesis of IgAN is worth further investigation. This study was designed to investigate the association between IL-10 promoter SNPs (rs1800872, rs1800871, and rs1800896) and IgAN in a Chinese Han population.
Materials and Methods
Ethics statement
The study protocol was reviewed and approved by the Xi'an Jiaotong University Ethical Committee. Written informed consent was obtained from each participant after a full explanation of the study. The experimental protocol was carried out in accordance with the approved guidelines.
Subjects
Here, we report a hospital-based case-control study that was carried out by recruiting 351 patients with IgAN (229 males and 122 females, mean age of 32 ± 11.9 years) from Northwestern China at the First and Second Affiliated Hospital of Xi'an Jiaotong University from March 2009 to April 2014. IgAN diagnosis was confirmed by histopathological examination of renal biopsy in all cases. The controls consisted of 310 healthy subjects (186 males and 124 females, mean age of 35 ± 12.6 years) from routine healthy examinations in the same hospitals. All subjects were from the Chinese Han population living in Northwestern China.
Patients with comorbidities such as lupus nephritis, purpura nephritis, chronic liver cirrhosis, diabetes mellitus, hypertension, and other secondary IgAN were excluded. Demographic and clinical information were collected, including age, gender, serum creatinine leve (SCr), blood urea nitrogen (BUN), serum albumin level (ALB), serum uric acid (UA), serum IgA level, serum cholesterol level (Cho), 24-hour urine protein, blood pressure, and histopathological grade (Oxford classification [29] ).
Genotyping methods
Blood samples were collected into tubes containing ethylenediaminetetraacetic acid (EDTA). After centrifugation, the specimens were stored at −80°C until further analysis. A standard phenol-chloroform extraction method was used to extract genomic DNA from whole blood (GoldMag Co. Ltd, Xi'an City, China). DNA concentration was measured by using an ultraviolet spectrophotometer (Nanodrop, Thermo Scientific, Waltham, MA). Three promoter SNPs (rs1800872, rs1800871, and rs1800896), which captured the majority of the known common variants of IL-10 according to Chinese population data from HapMap (http://www.hapmap.org), were selected for analysis in our study. Sequenom MassARRAY Assay Design 3.0 Software (Sequenom, San Diego, CA, USA) was used to design a multiplex SNP MassEXTEND assay as previously described [30, 31] . SNP genotyping was performed by Sequenom MassARRAY RS1000 according to the standard protocol recommended by the manufacturer [30] . The corresponding primers used for each SNP in our study are listed in Table 1 . Sequenom Typer 3.0 software was used for data analysis [30] [31] [32] .
Statistical analysis
Statistical analysis was performed with SPSS 18.0 for Windows (PASW Statistics, SPSS Inc., Chicago, IL, USA). SNP frequencies in control subjects were tested for departure from Hardy-Weinberg Equilibrium (HWE). A Student's t test was used to determine if the differences in age between the case and control groups were statistically significant. Chi-square (Pearson's χ 2 ) tests were used where necessary to calculate the odds ratios (ORs) with 95% confidence intervals (CIs) and corresponding P values to determine the relationships between the genotypes, IgAN risk, and clinical variables. Unconditional multivariate logistic regression adjusted for age and sex was performed for further association analysis. Five models (codominant, dominant, recessive, overdominant, and log-additive) were used to evaluate associations of the SNPs with IgAN risk in this study. P < 0.05 was considered statistically significant and all statistical tests were two-sided.
Results
Demographic and Characteristics of the Patients and Controls
In total, 661 subjects participated in this study for genetic association analysis, including 351 patients with IgAN (229 males, 122 females; age at diagnosis: 32 ± 11.9 years) and 310 matched controls (186 males, 124 females; age at diagnosis: 35 ± 12.6 years). The genotype distributions of the selected SNPs (rs1800872, rs1800871, and rs1800896) in the case and control groups were in Hardy-Weinberg equilibrium (P = 0.12, 0.14, and 0.59, respectively). Basic characteristics of the cases and controls such as age and gender are listed in Table 2 . Hypertension was defined as blood pressure ≥ 140/90 mmHg and / Table 1 . Primers used for this study rs1800871 between the cases and controls (P = 0.03 for both), whereas the A and G alleles of rs1800896 did not correlated with IgAN risk (P = 0.99, Table 3 ).
As for genotype frequencies, significant differences were observed between the cases and controls in the CC genotypes of rs1800872 and rs1800871 in codominant model with increased risks of IgAN (P = 0.04, 0.05 for both, before and after adjustment for age and gender, Table 3 ). The CA and CC genotypes of rs1800872 and TC and CC genotypes of rs1800871 in IL-10 gene in dominant model also had increased risks of IgAN (P = 0.01, 0.02 for both, before and after adjustment for age and gender, Table 3 ). Similar results in Logadditive model of rs1800872 and rs1800871 in IL-10 gene (P = 0.03, 0.02 for both, before and after adjustment for age and gender, Table 3 ). While, the CA genotype of rs1800872 and TC genotypes of rs1800871 in IL-10 gene in over-dominant model only showed increased risks of IgAN before the adjustment (P = 0.04 for both, Table 3 ). For rs1800896, the genotype distributions were not significantly associated with the risk of IgAN before or after adjustment (Table 3) .
Haplotype distributions between patients with IgAN and healthy controls
We further performed haplotype association analysis for the three IL-10 SNPs and the risk of IgAN. The haplotypes with observed frequencies of more than 0.05 are listed in Table  4 . The ATA haplotype was more frequent in patients with IgAN. Further association analysis for each of these haplotypes and the risk of IgAN indicated that the CCA haplotype may be a risk factor of IgAN (OR = 1.36; 95% CI = 1.05-1.75; P = 0.02). The other haplotypes did not correlate with IgAN (P = 0.66).
Associations between genotype distributions and IgAN clinical variables
Since the frequencies of the minor homozygous variants of the three IL-10 SNPs were relatively low in patients with IgAN in this study, they were combined with their corresponding Table 3 . Assuming that the minor allele of each SNP was a risk allele compared with the wild type allele. Chi-square tests revealed that there were significant differences in the C allele frequencies of rs1800872 and heterozygous variants in the clinical variable analysis. We found that there was no statistical association between genotype distribution and gender, blood pressure status or Oxford classification (data not shown). Besides, no statistical correlation differences were observed for rs1800872 and rs1800871 between cases and controls. However, the GG genotype in the codominant model, GA/GG genotypes in the dominant model, and GA genotype in the overdominant model of the rs1800896 in IL-10 gene correlated with higher 24-hour urine protein in patients with IgAN (P = 0.04, 0.03, and 0.02, respectively, Table 5 ). 
Discussion
In this study, three promoter SNPs (rs1800872, rs1800871, and rs1800896) in the IL-10 gene were examined to establish the role of IL-10 in susceptibility to IgAN in a Chinese Han population. In humans, IL-10 is located on chromosome 1 and encodes for 5 exons and 4 introns [33] . To date, most studies focused on the variants at rs1800872, rs1800871 and rs1800896, which are located at the transcription start site and shown to associate with IL-10 production [21] . Haplotypes comprising these SNPs (rs1800872, rs1800871, and rs1800896) also correlate with IL-10 serum levels [21] . Previous studies also demonstrated that IL-10 played a vital role in the development of the primary glomerulonephritis in many aspects, including IgAN [34] [35] [36] [37] . Since it was determined that rs1800896 GG, rs1800871 CC and rs1800872 CC genotypes were associated with high IL-10 production, whereas rs1800896 AA, rs1800871 TT and rs1800872 AA genotypes with low IL-10 production. But with regard to the alleles, correlation with IL-10 levels is still ambiguous [19, [38] [39] . Although some reports showed that genetic variants of IL-10 contribute to the pathogenesis of certain diseases, and also the serum levels of IL-10 increased in patients with IgAN [26] , the study between clinical relevance of IL-10 promoter polymorphisms and IgAN remains unclear.
Here, we performed a case-control study to investigate the relationships between three IL-10 SNPs and IgAN in Chinese Han patients. Our results indicate that the alleles and genotypes of rs1800872 and rs1800871 were associated with increased risk of IgAN in some [36] . Interestingly, our results were inconsistent with these aforementioned studies. However, sample size, differences in environmental backgrounds, population admixture, genotyping method, different treatment protocols, and different selection criteria for responder and non-responder groups may explain these discrepancies.
Unlike rs1800872 and rs1800871, no statistically significant association between rs1800896 variant and the susceptibility to IgAN was observed. Consequently, the frequency of G alleles of rs1800896 was not statistically different between patients with IgAN and healthy controls. Interestingly, when considering clinical variables, the GG, GA/GG and GA genotypes of rs1800896 correlated with higher proteinuria in patients with IgAN. Nevertheless, Bantis et al. revealed that rs1800896 is an important variant in the progression of IgAN in a Caucasian population [35] . In light of this difference, we should point out the limitations of our study, including a short follow-up duration and highly variable patient characteristics. As for the G alleles of rs1800896, Chin et al. highlighted that their frequency was lower in patients with IgAN than in controls in a Korean population [34] . Conversely, Wang et al. concluded that the frequency of G allele of rs1800896 was higher in Chinese patients with IgAN [36] . Our results do not settle these controversies. The above-mentioned intrinsic limitations may contribute to these conflicting results and discrepancies. Notwithstanding these limitations, our data suggest that rs1800896 plays a role in the development of IgAN because of the association between rs1800896 and proteinuria content, as it is widely accepted that the amount of urine protein is crucial for every stage of IgAN.
Despite the aforementioned inconsistencies, there are some similarities between our results and those of others. In the present study, we found that the allele frequencies of the patients with IgAN and controls herein of Chinese descent were very similar to those of individuals of Korean descent [34] , but were markedly different from those of a U.K. white population [40] , indicating differences based on ethnic populations. However, other reports indicated that the frequency of the G allele of rs1800896, which was reported to be related to higher IL-10 production, was lower in patients with IgAN [19, 40] . Although the frequency of the G allele of rs1800896 in patients with IgAN and controls was lower in this study when compared to that in a U.K. Caucasian population, it did not reach statistical significance (P > 0.05). With regard to genotypes, we found that few controls and patients presented the rs1800896 GG genotype, which is in line with the Korean study, in which none of the subjects presented the GG genotype [34] .
The three IL-10 SNPs (rs1800872, rs1800871, and rs1800896) are widely reported as three haplotypes: CCA, ATA, and CCG. Moreover, some classify these IL-10 haplotype variations into three categories depending on IL-10 production (i.e., high, intermediate, and low) [19, 40] . Specifically, CCG homozygous patients are regarded as high producers, CCG heterozygous patients as intermediate producers, and CCG negative patients are considered low producers. Regarding the ATA haplotype, the frequency of ATA was 63.0% and 68.6% in our case and control groups, respectively. Our results are similar to those of the Korean study where the frequency was 70.4% in patients with IgAN and 62.0% in healthy controls [34] , which was markedly different from the results of the U.K. Caucasian study in healthy controls (16.4% in Southeast England and 21.8% in Manchester) [40] . Additionally, the frequency of CCA was 28.5% and 23.0% in our IgAN patients and control groups, respectively. These results are also similar to those of the Korean population, 26.9% and 28.5%, respectively. The frequency of CCG in patients with IgAN and controls was 8.5% and 8.4%, respectively, which is in agreement with the results of the study on a Korean population (2.8% and 9.5%) [34] . Although it was reported that lower levels of IL-10 production may predispose to inflammation and contribute to injuries to the kidney [34] . Unfortunately, we did not detect the serum levels of IL-10 in cases and controls.
Although future investigations are warranted, our data shows that these IL-10 SNPs may be rare in the target population of individuals in Northwest China. In this regard, it may be worthwhile to expand the study to decrease intrinsic limitations. To reach a more definitive conclusion, further gene-gene, gene-race, and gene-environment interaction studies with larger sample sizes are still needed.
Conclusion
In summary, the present study demonstrated that the IL-10 promoter variants rs1800871, rs1800872, and CCA haplotype were significantly associated with an increased risk of IgAN. The rs1800896 variant was correlated with higher 24-hour urine protein in patients with IgAN. These results indicate that IL-10 promoter polymorphism plays a role in the development of IgAN in Northwest Chinese Han population.
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